SUMMARY To test the hypothesis that food antigens influence the in vivo migration of lymphoblasts to the small intestine, the effect of an elemental diet (Vivonex) on the distribution of lymphoblasts within the small intestine of mice has been examined. Viable lymphoblasts from the mesenteric nodes of conventionally fed animals were labelled in vitro and given intravenously to recipient mice fed either a standard diet or elemental diet. The localisation of these cells within the small intestine was altered in the animals fed the elemental diet but only in the distal half of the small intestine. The relationship of the localisation of blast cells to the delivery of cardiac output along the small intestine was examined by assessing cell localisation in conjunction with the distribution of an isotopic indicator (86RbC1). The results show that the pattern of localisation of lymphoblasts within the small intestine is related to the probability that they will be delivered to different regions by the blood stream. Therefore, the alterations in blast localisation in the small intestine of animals of the elemental diet can be viewed as a consequence of changes in the perfusion of the distal small intestine. These results do not support the concept that antigens directly influence the efficiency with which blast cells migrate into the intestinal mucosa.
The continued effectiveness of immune responses in the intestinal mucosa depends upon the arrival of antigen primed effector cells (lymphoblasts) by way of the blood stream. Precursor cells stimulated by antigen in the gut lymphoid tissue1 must travel via abdominal and thoracic lymphatics and the general circulation to reach the gut mucosa. The lymphoid tissue in which a lymphoblast is stimulated has an important influence on the destinations in which it may be found after its vascular journey. Labelled lymphoblasts from the thoracic duct lymph,2 intestinal lymph,3 and mesenteric lymph nodes456 have all been found to have a propensity to migrate to the small intestinal mucosa after intravenous transfer, although the factors which control this migration are still incompletely understood.
The presence of antigen from the intestinal lumen has been proposed to be a major determinant of the accumulation of lymphoid effector cells within the intestine.7 8 Consistent with this hypothesis are Received for publication 2 December 1980. observations that localised high densities of specific IgA bearing cells can be found in segments of small intestine subjected to local application of antigen in sheep9 and rats.8 However, lymphoblasts can also migrate to the small intestine in the apparent absence of exogenous antigen. Thoracic duct lymphoblasts will migrate to rat neonatal intestine10 and lymphoblasts from mesenteric nodes or the thoracic duct will migrate to antigen free gut grafts in mice.4 5 The known unevenness of the distribution of the progeny of B-lymphoblasts (immunoglobulin producing cells) along the small intestine is an additional perplexing feature. Studies in humans," mice,7 12 calves'13 pigs, '4 Cardiac output distribution was assessed by a modification of the 86Rubidium chloride fractionation method as previously described. '7 Briefly, a measured volume of 88RbC1 diluted in 0.9% saline was injected through an intravenous catheter in the lateral tail vein of the mouse. This was flushed through with an equal volume of saline and after 45 seconds the animal was killed with an injection of saturated potassium chloride through the same catheter. That portion of the intravenous dose of "Rb activity which is found in a particular tissue can be taken as a measure of the fractional distribution of the cardiac output which is received by that tissue. '7 18 CELL SUSPENSIONS Mesenteric lymph node cells (MLN) from pellet fed animals were prepared at room temperature by gentle teasing of the lymph nodes in RPMI-1640 medium (Gibco Biocult Ltd., Glasgow) containing 5% foetal calf serum (FCS) (Gibco Biocult Ltd). The cell suspensions were filtered through glass wool to remove debris and the number of viable cells in suspension was determined by their ability to exclude 0.2% eosin. MLN suspensions enriched in T cells (T-MLN) were prepared using nylon wool columns by the method of Greaves and Brown.19 The proportion of cells specifically killed by an antiserum against NIH thymocytes was determined as previously described.20 Antiserum against NIH thymocytes was prepared in rabbits as described previously. 20 This was used to assess the specific killing of lymphoid cells in the presence of guinea-pig complement (Wellcome Laboratories). The antiserum showed a specific killing of NIH thymocytes 98%, bone marrow cells 2-4%, MLN cells 49-53%, and nylon-wool separated MLN cells 93-95% and was considered to be an anti-T cell serum.
In vitro LABELLING OF CELLS
Cell suspensions were incubated with the thymidine analogue (1251) -5-iodo -2 -deoxyuridine ('25IUdR) (Radiochemical Centre, Amersham, UK) to label blast cells undergoing DNA synthesis. Incubations were carried out in RPMI-1640 containing 5% FCS and 0.5,uCi 125IUdR per 107 viable cells per ml at 370 for 60 minutes in a shaking water bath. After labelling, the cells were washed three times in fresh medium (RPMI-1640 without FCS) and injection doses of 1 5-2 x 107 viable cells were administered to the animals through a lateral tail vein. Multiple samples of each injection preparation were retained for counting the administered radioactivity. Twentyfour hours after the cell transfer, animals were killed with or without simultaneous assessment of the 86RbCl distribution.
TISSUE PREPARATION
Tissues were dissected immediately after the animals were killed and placed in containers for weighing and counting. The small intestine was removed in one piece and then cut into four equal lengths which were labelled segments 1-4 from proximal to distal. Peyer's patches were identified and excised from the small intestine before further manipulation or counting. Each length of small intestine was gently manipulated with forceps and washed in saline to remove faeces. We have shown previously that this method of preparing the intestine does not lead to any loss of blast cell label or rubidium label from the intestine and that the distribution of the labels within different regions of the intestine are not disturbed by this preparation.2' COUNTING METHODS Radioactivity was measured on a dual channel gamma counter as previously described.'7 The amount of blast cell label or rubidium which was found in a particular tissue was expressed as a percentage of the amount which was injected into the animal. '7 We have shown previously that the two labels can be resolved from one another and that blast cell localisation estimates are not influenced by the presence of the 86Rb activity."7
STATISTICAL TESTS
The difference in means was assessed using Student's t test. Regression analysis and correlation coefficients (r) were determined by standard methods.22 The level of significance of a correlation coefficient-that is, the probability that the observed correlation coefficient could have arisen by chance-was assessed with Student's 
t test.23 EXPERIMENTS AND RESULTS
Mice fed the elemental diet ate well and appeared normal and healthy throughout the period of experiments. This is consistent with previous reports,'6 24 as is the finding that both the total weight of the elemental diet fed mice and the wet weight of their lymphoid tissues was less than that of matched animals fed a conventional diet (Table 1) . The wet weight of the caecum and large intestine of mice fed elemental diet was also significantly less than that of pellet fed animals, but there was no change evident in the weight of the small intestine (Table 1 ). The only other organ to show a difference in weight in the elemental diet fed animals was the liver. The liver was increased in weight and found to have substantial fatty deposits in the elemental diet fed animals which confirms the finding of Ferguson and her co-workers.16 24
EFFECTS OF ELEMENTAL DIET ON FRACTIONAL DISTRIBUTION OF CARDIAC OUTPUT
We examined the distribution of the cardiac output in mice raised on the two diets, because alterations in regional blood flow can be an important modulator of the levels of lymphoblast localisation. '7 21 Significantly less of the cardiac output was delivered to the MLN and spleen as well as to the caecum and large intestine in the mice fed the elemental diet than mice fed normal pellet diet. This is in keeping with the reduced mass of these organs. The fraction of the cardiac output received by the whole of the small intestine, however, was not influenced by the difference in diets (Table 1) .
EFFECTS OF ELEMENTAL DIET ON LOCALISATION OF MESENTERIC LYMPHOBLASTS IN SMALL INTESTESTINE
As the fraction of the cardiac output going to the small intestine was the same in animals fed either the pellet or elemental diets, the opportunity for transferred lymphoblasts to be delivered to the small intestine should be the same in each of these groups of animals. To assess whether the absence of lymphoblasts was examined in conjunction with regional blood flow in segments of the small intestine of animals on the two diets (Fig. 1) . This showed that the distribution of lymphoblasts within the small intestine was altered in the animals fed the elemental diet, but only in the distal regions of the small intestine ( Fig. 1) was there a significant decrease in the localisation of lymphoblasts and not the proximal regions of the small intestine of mice on the elemental diet compared with those fed pellets.
There was also a significant decrease in the fraction of the cardiac output received by the lower half of the small intestine in the animals fed the elemental diet (Fig. 1) . Regression analysis of the segmental lymphoblast localisation and the fraction of the cardiac output delivered to different regions of the small intestine showed that there was the same degree of correlation between these phenomena in both diet groups (Table 3) .
COMPARISON OF UNSEPARATED AND T-ENRICHED MESENTERIC LYMPHOBLAST POPULATIONS
Lymphoblasts of T-enriched populations of mesenteric node cells are known to accumulate in the small intestine to an even greater extent than do unseparated lymphoblasts,6 21 The localisation of unseparated MLN lymphoblasts along the intestine was compared with that of a T-MLN lymphoblast population in pellet fed animals (Fig. 2) . There was approximately twice as much lymphoblast label found in each segment of the small intestine after transfer of the T-enriched blast cells compared with unseparated MLN blasts, but a similar gradient was apparent in the proximal to distal distribution of the recovered label (Fig. 2) . In each case the gradient along the small intestine paralleled that of the distribution of regional blood flow along the small intestine (Fig. 2) . We wished to examine whether this increased tendency of lymphoblasts from a T-enriched MLN preparation to localise in the small intestine would reveal differences in the proximal small intestine segments of animals fed the elemental diet which were not apparent in the experiments with unseparated MLN blast cells. Comparison of the localisation of T-MLN lymphoblasts in elemental diet and pellet fed animals ( Fig. 3) showed that localisation was altered only in the distal regions of the small intestine. The decreased accumulation of cell label in the distal segments was again associated with a reduction of the proportional delivery of cardiac output to those portions of the small intestine (Fig. 3) .
Discussion
The purpose of this study potential contribution of antigens to the localisation blasts within the small intestine of mice. If food antigens normally influence the migration of lymphoblasts to the small intestine, then mice fed an elemental diet should show a decrease in the total accumulation of blast cells and/or a redistribution of their localisation pattern such that fewer cells would be found in the proximal small intestine compared with conventional animals. The total amount of blast cell label found in the small intestine was the same in pellet and elemental diet fed animals ( or elemental diet fed (stippled areas) for five animals in each group .**P 001 and ***P 0001 for the comparison ofsegments from elemental diet andpellet fed animals.
localisation found in the proximal small bowel (Figs. 1 and 3 ). These findings show that food antigens are not a major determinant of lymphoblast localisation in the small intestine. The opportunity for injected blast cells to be delivered to the small intestine was also assessed in these experiments by measuring the fraction of the cardiac output received by the whole small intestine. This was found to be the same for animals on the two different diets (Table 1) . We have demonstrated previously that, when the distribution of blood flow and the localisation of lymphoblasts along the small intestine are examined concurrently in pellet fed animals, there is a significant correlation between these two phenomena which is not affected by the time after the injection of cells at which the distributions are assessed.21 Here, the localisation of mesenteric lymphoblasts was found to have a similar relationship to the partition of blood flow within the small intestine in both pellet and elemental diet fed animals (Table 3 ). This was so in spite of significant reduction in both blast localisation and regional blood flow in the distal small intestine of the mice fed the elemental diet. The localisation of T-MLN blasts also paralleled the gradient of cardiac output along the small intestine in both groups of animals ( Figs. 2 and 3) . We conclude, therefore, that factors which govern the way in which a given population of blast cells migrates into the small intestine is similar throughout the small intestine and that the higher level of lymphoblast localisation in the upper small bowel is principally the result of the greater opportunity that blood borne cells have of being delivered to that region.
The findings presented here support the view3-8 that the deployment of lymphoblasts within the small intestine is primarily determined by the origin and nature of the lymphoblast population and not by antigen-dependent processes-at least, not 
